A particulate preparation was obtained by low speed
A particulate preparation was obtained by low speed centrifugation of guinea pig cerebral cortical homogenates prepared with a Krebs-Henseleit buffer. Light microscopic examination, using a reflected light differential interference contrast system, reveals the presence of intact neurons, axonal fragments, glial cells, and erythrocytes along with an abundance of small spherical entities (diameter about 1.1 pm) and snowman-shaped entities (diameter of larger sphere about 1.1 brn, diameter of attached smaller sphere about 0.6 pm). Many unattached smaller spherical entities are also present (diameter about 0.6 pm). Pressure filtration through 5 or lo-pm Millipore filters, followed by low speed centrifugation and resuspension, removes most of the larger entities to afford a suspension composed mainly of the small spherical and snowman-shaped entities. Electron microscopic examination reveals the presence of many synaptosomes with attached resealed postsynaptic entities. It is proposed that these correspond to the snowman-shaped entities to be termed synaptoneurosomes.
Accumulations of cyclic AMP elicited by 2chloroadenosine and histamine, and by combinations of 2-chloroadenosine, histamine, norepinephrine, and forskolin, are lower in filtered than in unfiltered preparations, whereas accumulations elicited by forskolin are unchanged. Levels of adenylate cyclase are reduced by filtration, whereas levels of phosphodiesterase are unchanged. Filtration reduces levels of markers for whole cells and endothelial cells, whereas neuronal markers such as acetylcholinesterase activity and norepinephrine uptake are increased. Levels of S-100 protein, a marker for glial cells, are not significantly decreased.
There is no apparent change in the density of many receptors or ion channels. Levels of A,-adenosine and H,-histamine receptors are increased, whereas levels of socalled peripheral benzodiazepine-binding sites are decreased.
The sites of formation and physiological function of cyclic AMP in the central nervous system remain obscure more than a decade after the first demonstration of norepinephrine-, histamine-, serotonin-, and adenosine-mediated accumulations of cyclic AMP in brain slices (Kakiuchi and Rail, 1968a, b; Sattin and Rail, 1970) . Adenylate cyclases are present at both postsynaptic (dendritic) and presynaptic neuronal loci and on glial and endothelial (capillary) cells (De Robertis et al., 1967; Joo et al., 1975; Weller, 1977; French et al., 1978) . All such sites could contribute to generation of cyclic AMP in brain slices. Of particular interest are the synergisms between biogenic amines and adenosine which have been investigated extensively in brain slices with respect to cyclic AMP generation (Daly, 1977) . These synergisms are most striking in slices from higher brain regions, namely, cerebral cortex and hippocampus (Daly et al., 1981) . Such synergisms do not occur in membrane preparations or in cultured glial or neuronal cells. Recently, however, synergistic interactions of somatostatin and norepinephrine were reported for cultured astrocytes (Rougan et al., 1983) . Synergisms between amines and adenosine do occur in a particulate preparation obtained from brain tissue after homogenization in a Krebs-Ringer buffer rather than sucrose (Daly et al., 1980a) . These preparations, originally described by Chasin et al. (1974) contain many pinched off and resealed pre-and postsynaptic vesicular entities (Horn and Phillipson, 1976; Daly et al., 1980a) . Electron microscopic examination revealed, in addition to various other elements, large numbers of membrane-bound sacs containing mitochondria and small vesicles of various sizes (Daly et al., 1980a) . Many of these sacs were attached through a typical synaptic density to an often smaller presynaptic sac clearly identified as a synaptosome by its content of synaptic vesicles. The term synaptoneurosome is suggested for entities in which a presynaptic sac (synaptosome) is attached to a resealed postsynaptic sac (neurosome). It appears possible that the postsynaptic portions of the synaptoneurosomes represent the site of accumulation of cyclic AMP which occurs in these particulate preparations in response to catecholamines, serotonin, adenosine, and vasoactive intestinal peptides (Chasin et al., 1974; Psychoyos, 1978; Daly et al., 1980a Daly et al., , 1982 McNeal et al., 1980; Seamon et al., 1981; Psychoyos et al., 1982a, b) . These crude preparations aggregated readily and were, therefore, not amenable to many purification techniques, although a fractional centrifugation has been attempted (Psychoyos et al., 1982a, b) . In an effort to size the preparation prior The particulate preparations were obtained from guinea pig cerebral cortex using a modlfled Krebs-Henseleit (KRBS) buffer, pH 7.4 (Krebs and Henselelt, 1932), containing adenosine deaminase (10 pg/ml). The buffer consisted of 118.5 mM NaCI, 4.7 mM KCI, 1.18 mM MgSO,, 2.5 mM Ca&, 1.18 mM KH2P04, 24.9 mM NaHC03, and 10 mM glucose and was aerated with 02:C02 (95:5) to adjust the pH to 7.4. Brains from one or two male Hartley guinea pigs (250 to 300 gm) were removed immediately following decapitation and placed on an ice-cooled Petri dish, and slices of gray matter were cut manually with a cooled razor blade from the cerebral cortex. The slices (1 gm/braln) were then homogenized by hand (five strokes) in 7 ml of KRBS buffer using a glass-glass homogenizer.
The homogenate was diluted with 35 ml of KRBS buffer. For pressure filtration the homogenate was passed through a prefllter conslstlng of three layers of a nylon material (100 mesh) using a Milllpore filter holder and then filtered through a Millipore 1 0-wrn filter or a 5-pm filter (SMWP-047). Filtered and unfiltered solutions were centrifuged at 1000 x g for 15 min The supernatant fractions were decanted and the pellets resuspended in 10 ml of KRBS buffer. For certain assays the pellet was resuspended in an appropriate medium as described (see below). Protein was determined by the method of Lowry et al. (1951) .
Morpphological charactenzat/on. The filtered and unfiltered particulate preparations from guinea pig control cerebral cortex were examined by electron mrcroscopy as described previously (Daly et al., 1980a) and by a modification of the reflected light differential interference contrast system first described by Nomarski and Well1 (1954) coupled to a video Image recorder (Inoue. 1981; Allen and Allen, 1982 (Salomon et al., 1974) .
In certain experiments the total accumulation of radioacttve cyclic AMP in the medium and the tissue was measured as follows. Membrane vesicular preparations were prelabeled with [3H]adenine as described above. Allquots of the membrane suspension (1 ml) were added to scintillation vlals and incubated at 37°C for 10 min. Agonists (0.075 ml) were added and the assay was stopped 10 mrn later with 0.125 ml of 50% tnchloroacetlc acid contalnrng cyclic AMP (1 mM). Total [3H]cyclic AMP accumulation was then measured as described
by Daly et al. (1980a) . Parallel with these experiments, cyclic AMP accumulation was measured In the pelleted tissue as described above. Alkaline phosphatase.
Pellets were resuspended in KRBS buffer (10 to 100 fig of protein/200 Al), and alkaline phosphatase activity was assayed as described (Bergmeyer et al., 1974) . r-Glutamyltranspeptise.
The pellets (-15 mg) were resuspended In 3 ml of a 10 mM Tns buffer (pH 8.6) containing 0.1% Triton X. This tissue was incubated at 0°C for 30 min and then centrifuged at 20,000 x g for 45 mln (DjurlCik and MrSulja, 1977) . Solubilized y-glutamyltranspeptidase activity was assayed as described (Szasz, 1974) . Adenylate cyclase. Pellets (4 to 20 mg of protein) were homogenized in a Dounce homogenizer (7 to 10 strokes) using 5 ml of 50 mM Tris buffer (pH 7.5) containing 0.1 mM CaCI*. The homogenate was centrifuged at 20,000 x g for 10 min, then washed once with an additIonal 5 ml of buffer and recentnfuged.
Assay of adenylate cyclase activity was according to the method of Seamon et al. (1981) , except that EGTA in the incubation medium was replaced with 1 mM bithioihreltol. ' The amount of adenylate cyclase activity that was accessible to exogenous [3*P]ATP in the particulate preparation was assayed before and after hypotonic lysis. Adenylate cyclase activity was also measured using the same procedure as described above, except that the assay was performed in a KRBS buffer with the unfiltered and filtered particulate preparations. In another portion, the vesicles were first lysed in 50 mM Tris buffer (pH 7.5) containing 0.1 mM CaCl2, and then enzyme activity was measured. The pellets (2 to 6 mg of protein) were homogenized in 1 ml of 20 mM Tns buffer (pH 7.5) contalnlng 1 mM MgCl*, 3 mM 2-mercaptoethanol, and 0.1 mM EGTA. The homogenates were then centrifuged for 60 min at 100,000 X g. The supernatant was decanted and the pellet was resuspended in 1 ml of the above buffer. Assay of phosphodiesterase activity in supernatant and pellet fractions was carried out in 0.1 ml of 50 mM Tris buffer (pH 7.5) containing 5 mM MgCIZ and 50 PM CaC12, at 37°C for 10 min. Aliquots (10 ~1) of supernatant diluted lo-fold and of the resuspended undiluted pellet were assayed for low and high Km enzyme activity. The low Km enzyme reactron mixture contained 1 by cyclic AMP and 0. were prepared with a 0.7.ml bed volume of gel in distilled water. Carrier 5'.AMP (0.2 pmol) was added to each assay tube in 0.4 ml of Vol. 5, No. 8, Aug. 1985 'Platelets appeared to be spheres; no semiaxis difference could be distinguished.
d Cell type entitled "oligodendrocyte" is illustrated in Figure 1E . e The short and long axes of a typical oval-shaped neuron (see Fig. 1 ) are presented rather than the diameter. 0.1 M HEPES-O.1 M NaCl buffer (pH 8.5). Samples were applied to the columns followed by a wash with 9 ml of HEPES-NaCI buffer (pH 8.5) to elute unreacted cyclic AMP; then 7 ml of 0.05 M sodium acetate buffer (pH 4.8) was applred to the columns to elute 5'-AMP. Recoveries were 50 to 70% and were determrned by measuring absorbance at 258 nm. Radroactrvrty In alrquots (2 ml) of the sodium acetate eluate was measured In 13 ml of Hydrofluor to determine conversron of [3H]~y~I~~ AMP to [3H]-5'-AMP. Acetylchohnesterase assay. Pellets were homogenrzed in sucrose (0.04 M) using a Dounce homogenrzer to give a homogenate with 3 mg of protein/ ml. The pH was adjusted to 7.4 and acetylchoknesterase activity was assayed as described (Siakotos et al., 1969) . Pseudochohnesterase assay. Pellets were homogenized In 0.1 M phosphate buffer (pH 8.0) to give a homogenate with 0.5 to 1.0 mg of protein/ ml. Pseudocholrnesterase was assayed as described (Ellman et al , 1961 This section illustrates a typical profile of a synaptoneurosome. The presynaptic profile (S) with characteristic presynaptic vesicles is clearly attached at the postsynaptic density to a postsynaptic structure, a neurosome (N). Magnification x 96,500. The synaptosome and neurosome portions often appear similar in size, as in this example.
In some cases (see Daly et al., 1980a) the neurosome portion appears smaller. This apparent discrepancy with light microscopic analysis could be due to selective shrinkage of the neurosome portion during fixation. The relative size is also dependent on the plane through which the synaptosome and neurosome are cut.
Hollingswotth et al. Vol. 5, No. 8, Aug. 1985 (0.01 ml) to give a final concentration of 0.1 PM. Uptake was stopped after 5 min by dllutmg this reaction mixture with ice-cold phosphate-buffered saline (pH 7.4) (PBS) followed by rapid, vacuum-assisted filtratron through a glass microflber filter (Whatman GF/C, 2.4 cm), and then by three rapld washes with cold phosphate-buffered saline (3 ml). Filters were removed and shaken in counting vials containing scintlllation fluid (8 ml, Hydrofluor), and the tritium content was determined with a counting efficiency of 37%. Active uptake was defined by subtracting the tritium accumulated at 0°C from the accumulation at 37°C. The accumulation at 0°C was 12.2 ? 2.8% (SEM) of the accumulation at 37°C. The accumulations of [3H]norepinephrlne at 0°C and 37°C were linear from 1 to 9 mln and at protein concentrattons from 0.2 to 0.8 mg. In practice the reaction mixtures contained 1.5 ~CI of isotope of which less than 1% was retained by the glass filter. Uptake values are expressed as picomoles per minute per milligram of protein + SEM for four to SIX determinations.
S-700 radioimmunoassay. S-100 protein was lodlnated using Y2 (>350 mCi/ml). The reaction mixture contamed 0.1 M sodium phosphate (pH 7.1, 50 PI), '2512 (20 bl, >350 mCl/ml), S-100 protein (1 mg/ml of H20, 5 Al), and chloramine T (1 mg/ml of H20, 10 ~1). The reaction was stopped 1 mln later using sodium metabisulfite
(1 mg/ml, 30 ~1) and KI (0.1 M, 100 ~1). The mixture was desalted on a PD 10 column (Pharmacla Fine Chemicals, Uppsala, Sweden) which had been pre-equilibrated with PBS containing 0.05% Tnton X.
Pellets were homogenized in 5 mM Tris buffer and centrifuged at 40,000 X g. The solubilized S-100 protein In the supernatant was then assayed. The assay mixture consisted of S-l 00 (1 mg/ml of H,O or 50 ~1 of the supernatant), rabbit anti-S-100 serum (200 ~1 of a 1:800 dilution in PBS), 50 ~1 of ['*51]S-100 (-70,000 cpm). After incubation for 24 hr at 4°C the antigen/antibody complexes were separated from free antigen by the double antibody technique usmg goat anti-rabbit-y-globulin serum. All samples were run In duplicate. Controls containing 250 ~1 of PBS plus ['Z51]S-100 were also included (Uozumi and Ryan, 1973) . A radioimmunoassay standard curve was determined with the S-100 protein and used to calculate the amount of S-100 In the brain preparations.
The bovine brain S-100 and antiserum against bovine brain S-100 were generously provided by Dr. Blake Moore (Washington University, St. LOUIS, MO).
DNA assay. Pellets were homogenized in water with a Dounce homogenizer to yield 11 mg of protein/ml. DNA was measured according to the method of Dische (1955) .
Results

Morphological
characterization. The availability of a light microscop~c system permitting real-time magnification of x 4400 to x 6900 prompted a re-examination of the components present in the unfiltered 1000 x g particulate preparation: the preparation contains intact neurons, axonal fragments, dendritic processes, glial cells, erythrocytes, cell nuclei, unidentified whole cells, large empty spherical sacs, myelin fragments, and many large clumps of unidentifiable "debris." The presence of these components in this low speed sediment of a crude homogenate is not surprising and is in agreement with earlier descriptions (see Chasin et al., 1974; Horn and Phillipson, 1976; Daly et al., 1980a; Psychoyos et al., 1982a) . The presence of intact cells in the preparation was not clearly apparent in our previous studies (Daly et al., 1980a) and those of others due primarily to the sampling limitations inherent in electron microscopy.
A significant observation resulting from the real-time visualization of unfixed preparations is the detection of an abundance of small, spherical bodies, to which in many cases a second, smaller spherical body is attached, giving a snowman appearance (Fig. 1, B , E, and f). Since the preparation was observed while suspended in buffer, these smaller bodies are in constant motion and thus can be of filtered preparations reveals the presence of free mitochondria, granular endoplasmic reticulum, microscopy in the unfiltered preparation (Daly et al., 1980a) . It would seem appropriate to call the postsynaptic membrane-bound sac a small clusters of ribosomes, small sacs of unknown nature, many neurosome since it is derived from the postsynaptic neuron. The presynaptic sacs (synaptosomes), and the presynaptic sacs at-composite entities, consisting of a neurosome with one or more tached to postsynaptic membrane-bound sacs (see Fig. 2 ). The presynaptic bodies (synaptosomes) attached to it, would then be latter appear to correspond to those previously observed by electron termed a synaptoneurosome. (Fig. 4A ). Combinations of a low concentration of 2chloroadenosine (2 FM) with varying concentrations of forskolin also result in more than additive responses (Fig. 48) . At 100 PM forskolin, the presence of 2 PM 2chloroadenosine increases the accumulation of cyclic AMP above basal by 30.fold in the unfiltered preparation, whereas in the filtered preparation the presence of 2 PM 2-chloroadenosine produces only an 8-fold increase. Combinations of both 2 PM 2-chloroadenosine and 2 PM histamine with varying concentraGons of forskolin result in a slightly greater than additive response (Fig. 4C) .
Histamine causes a dose-dependent increase in cyclic AMP in both unfiltered and filtered preparations (Fig. 5A) . Histamine in the range of 3 to 30 pM is equally potent and efficacious in stimulating cyclic AMP accumulation in the unfiltered and filtered preparations.
At higher concentrations (100, 300 PM), the response to histamine is greater in the unfiltered preparation. Forskolin at low concentration (1 PM) augments the response to 300 PM histamine by about 1.7. fold in both the unfiltered and filtered preparations. 2-Chloroadenosine (10 to 300 PM) elicits a lower response in the filtered preparation both alone and when augmented by a low concentraGon of forskolin (Fig. 55) . The decrease in the accumulation of cyclic AMP evoked by certain agents in the filtered preparation does not appear to be a timerelated effect (data not shown). Steady-state levels are reached in both preparations at 10 min. The unfiltered preparation at all time points produces larger responses than does the filtered preparation.
The decrease in cyclic AMP accumulations is not due to extrusion or loss of cyclic AMP from vesicular entities in the filtered preparation. Filtration does not markedly alter density for many of the central nervous system receptors (Table IV) benzoate, an Na+-channel marker (Creveling et al., 1982) , are similar in the unfiltered and filtered preparations. The apparent Kd values for filtered and unfiltered tissue are 164 + 14 nM and 137 f. 13 nM, respectively. It has been assumed in this study that filtration will not alter the Kd values of the other ligands for their binding sites and, therefore, that binding at a single ligand concentration will provide an estimate of receptor density.
Endothelial enzyme markers such as alkaline phosphatase and yglutamyltranspeptidase (Spatz, 1982) decrease in activity after filtration (Table V) . However, activity of another purported endothelial enzyme marker, pseudocholinesterase (MrSulja and DjurikiC, 1980) , remains constant. Acetylcholinesterase, a neuronal marker enzyme (Mriulja and DjuriCiC, 1980) , increases in activity after being filtered by approximately 25%. There is only a 20% decrease in the amount of soluble S-100 protein, a purported glial marker (Moore, 1972), after filtration (Table V) .
The DNA concentration in the unfiltered and filtered preparations was assayed as a marker of whole cell or nuclear contamination (Table V) . There is a decrease of 50% in the filtered preparation when compared to the unfiltered preparation. Light microscopy of the unfiltered preparation had shown significant numbers of whole cells (see above). The decrease in DNA content upon filtration is consonant with removal of many of these cells. The remaining DNA detected in the filtered preparation may be free or adsorbed DNA or nuclei, since light microscopic examination indicates that nearly all of the whole cells are removed during filtration (Table II) .
Basal levels of adenylate cyclase in the filtered preparation are lower than the unfiltered preparation (Table VI) . Forskolin (IO PM) increases the enzyme activity by 1.7.fold in the filtered preparation and by 19fold in the unfiltered preparation. The relative amounts of intravesicular adenylate cyclase and of membrane or inside-out vesicular adenylate cyclase appear similar in filtered and unfiltered particulate preparations (data not shown): there was a 60% increase in adenylate cyclase after lysis in both preparations. The intravesicular adenylate cyclase, which is responsible for accumulations of [3H]cyclic AMP in [3H]adenine-labeled preparations, was equated with the increase in activity obtained upon lysis of the vesicular entities. Phosphodiesterase activity, both soluble and membrane bound, measured at low and high concentrations of cyclic AMP were similar in filtered and unfiltered preparations. In both cases the low K, activity was about 500 pmol/mg of protein/min in the particulate and about 2,000 in the supernatant, whereas high K, activity was about 5,000 in the particulate and about 25,000 to 30,000 in the supernatant (data not shown).
Comparisons were made with the filtered and unfiltered particulate preparations and the "classical" P,-synaptosomal fraction (Table VII) . The accumulation of cyclic AMP elicited by the different agents is dramatically lower in the P2 pellet, and the synergisms produced by et al. Vol. 5, No. 8, Aug. 1985 combinations of the agonists are nonexistent. Thus, it would appear that the P,-synaptosome fraction contains much lower levels of the vesicular entities in which various agents elicit accumulations of cyclic AMP. Acetylcholinesterase activity is somewhat higher in the P2 pellet compared to the unfiltered tissue, whereas pseudocholinesterase activity is slightly lower. P-Adrenergic and H,-histamine receptor densities are lower in the PZ fraction, but A,-adenosine receptor densities are about the same in the P2 fraction and the unfiltered particulate tissue.
Discussion
Morphological characterization. Previous descriptions of the components present in a low speed sediment fraction of brain tissue homogenized in Krebs buffer indicate that a major component of this sediment consists of membrane fragments resealed to form a variety of pleomorphic vesicles (Chasin et al., 1974; Horn and Phillipson, 1976; Daly et al., 1980a, b; Psychoyos et al., 1982a) . These vesicles include synaptosomes and synaptosomes attached to postsynaptic membranes which have resealed to form composite vesicles or clusters of vesicles. Our present observations suggest that the small vesicles, those which pass through a 5-to lo-pm filter, represent two distinct populations with diameters of approximately 1 and 0.6 Frn (Fig. 1 , Tables I and II) . These vesicles may be the same as the small vesicles, 0.3 to 0.6 Frn, observed by scanning electron microscopy (Psychoyos et al., 1982a) and the O.i-to 0.8-pm vesicles observed by transmission electron microscopy (Horn and Phillipson, 1976) . The smaller size may result from the effects of fixation, dehydration, and embedding and, in the case of transmission electron microscopy, the fact that a given section will not always pass through the maximum diameter of a vesicle. Transmission electron microscopy of the present unfiltered and filtered particulate preparations not only reveals classical synaptosomes but synaptosomes which are clearly attached at sites of postsynaptic densities to another resealed vesicle (Fig. 2) . This composite entity is probably identical with the many "snowman"-shaped vesicles observed by the light microscopic system (Fig. 1) . By light microscopy, the larger postsynaptic vesicles are observed alone or with one or more attached smaller vesicles, probably synaptosomes. An appropriate term for the combined pre-and postsynaptic vesicles would be synaptoneurosomes (see above). The vesicles of postsynaptic origin with apparent diameters of 1 pm without an attached synaptosome would then be termed neurosomes, recognizing that these vesicles are a part of a heterogeneous population including many empty membrane ghosts. The preparation also would appear to contain large numbers of free synaptosomes, i.e., the spherical vesicles with diameters of about 0.6 pm.
The present light microscopic observations, while lacking the ultrastructural definition afforded by electron microscopy, permits both real-time observation of unfixed vesicles and a much larger sampling of the components of the preparation. The correspondence of the observed diameters of various cell types (Table I) with literature values supports the present estimations of the size of the vesicular entities suggested to be synaptoneurosomes and neurosomes. Since measurements of vesicular diameters have been made in physiological medium and without the distorting effects of fixation, it is probable that these estimations are closer to the true size of the vesicular entities. That a substantial fraction of the vesicles present in a filtered preparation have uniform diameters suggests that vesicular diameter is controlled by some physical parameter of brain membranes, the cell type of origin, the media, and/or the technique of homogenization.
The uniform size and spherical configuration allows the estimation of both the volume and surface area of the vesicles (Table I) .
Cyclic AMP accumulations. Cyclic AMP accumulations in the particulate preparations must occur in functional entities containing receptors linked to adenylate cyclase and a regenerating source of ATP which can be labeled through incubation with radioactive adenrne. Undoubtably, steady-state levels of cyclic AMP reflect, as they do in brain slices, the sum of formation by adenylate cyclases, degradation by phosphodiesterases, and regenerative formation of ATP by energy-consuming reactions (loss of phosphocreatine and/ or oxidative phosphorylation).
The responses of the particulate preparations appear to reflect those of major compartments of brain slices, and such particulate preparations appear to provide the starting point for isolation and identification of the compartments associated with the major cyclic AMP-generating loci of the central nervous system. Synaptosomal preparations including the P2 fraction exhibit much less responsive cyclic AMP-generating systems (see Table VII and Daly et al., 1980a) .
Whereas filtration yields a more homogeneous preparation which is enriched in synaptoneurosomes and small vesicles, responses of the cyclic AMP-generating systems to certain agents are decreased in this preparation. Histamine, 2-chloroadenosine, forskolin, and combinations of these agents with each other and with norepinephrine elicit accumulations of cyclic AMP in both filtered and unfiltered preparations (Figs. 3 to 5) . The response to forskolin is not decreased by filtration, whereas the responses to 2chloroadenosine and histamine or combinations of 2-chloroadenosine or histamine with other agents are attenuated. Various ,explanations for the reduction in responses are possible. One possibility is that some minor cellular entity, lost upon filtration, is involved with the larger accumulations of cyclic AMP in the unfiltered preparation. Indeed, larger vesicular entities, which would be partially excluded or possibly fractured by filtration, may provide greater responses than the smaller entities in the filtered preparation. Such an explanation is attractive since, in the smaller synaptoneurosomes, regeneration of ATP might be more of a determining factor than in larger entities. Alternatively, filtration might remove or fracture entities which support or potentiate responses in synaptoneurosomes.
Finally, filtration might release proteases or other factors which could decrease receptors or coupling of receptors to adenylate cyclase in synaptoneurosomes.
A variety of experiments were carried out to explore these various possibilities.
Adenylate cyclase and phosphodiesterase activity were assessed to determine whether alterations in these enzymes would correlate with the reduced responsiveness of the filtered preparation. Adenylate cyclase activity (basal values) is less in the filtered preparation (Table VII) . The reason for the slight reduction in total adenylate cyclase upon filtration is unknown. Adenylate cyclase activity is lower in white matter than in gray matter (Daly, 1977) while basal activity of the enzyme is higher in brain capillaries compared to whole brain homogenate (Karnushina et al., 1980) . The activity of vesicular adenylate cyclase represents about 60% of total adenylate cyclase in the filtered and unfiltered preparation. Therefore, the filtration procedure is not selectively concentrating membrane fragments at the expense of vesicular entities that incorporate [3H] adenine and in which radioactive adenine nucleotides can be converted to [3H]cyclic AMP. Phosphodiesterase activity, both soluble and membrane bound, is similar in filtered and unfiltered preparations. Thus, an activation of phosphodiesterases appears unlikely to account for reduced responses in the filtered preparation.
Histamine responses. Histamine elicits accumulations of cyclic AMP in guinea pig cortical particulate preparations through both H,-receptor and Hp-receptor components (Psychoyos, 1978) . The H,-receptor component is, in large part, dependent on the presence of adenosine, whereas the H,-component is directly responsible for accumulations of cyclic AMP in the presence of adenosine deaminase (present data) and for the synergistic responses seen between histaminergic and adrenergic agents (Daly et al., 1980a, b) . The levels of HZ-histamine receptors are unchanged after filtration. Histamine stimulates cyclic AMP accumulation in capillary-rich preparations from brain (Karnushina et al., 1980) and partial removal of endothelial entities (see below) might be responsible in part for the reduction in histamine responses after filtration, Adenosine responses. Adenosine elicits accumulations of cyclic AMP in brain slices through a relatively low affinity A,-adenosine receptor, the effects of which on adenylate cyclase are not detectThe Journal of Neuroscience Cyclic AMP in Filtered Preparations from Brain 2251 able in brain membranes (Daly et al., 1983) . The A,-receptor-mediated response to 2-chloroadenosine is markedly decreased by filtration. Rat cerebral microvesicle preparations (Huang and Rorstad, 1983) and primary cultures of glioblasts (Sturgill et al., 1975) have adenylate cyclases which are stimulated by 2chloroadenosine. The reduction in 2-chloroadenosine responses upon filtration might, therefore, be due to partial removal of endothelial and glia elements, but this remains to be proven. There is no satisfactory ligand for the AZ-adenosine receptor in cerebral cortical preparations (see Daly, 1984) .
Synergistic responses. Biogenic amines, such as histamine, norepinephrine, and serotonin, markedly increase the magnitude of accumulations of cyclic AMP elicited by adenosine (Daly, 1977; Daly et al., 1980b) . The mechanism remains unclear although the receptors, namely, a,-adrenergic and HI-histaminergic, are usually not coupled to adenylate cyclase. The receptor binding studies reveal no change in the density of 01,., CQ-, or @-adrenergic receptors upon filtration (Table IV) . Therefore, the decrease In the response to norepinephrine In filtered preparations cannot be accounted for by a decrease in receptor density. The potentiation of adenosine responses by histamine in brain preparations occurs via an HI-receptor (Daly, 1977) . Since the density of H,-receptors increases after filtration (Table IV) , other factors must be responsible for the reduction in synergism between the histamine and 2-chloroadenosine after filtration. It appears likely that the reduction in augmentation of the 2-chloroadenosine response by histamine or by norepinephrine is related to the marked loss in responsiveness of the A,-adenosine receptor-controlled systems after filtration. Forskolin responses. Forskolin causes marked accumulations of cyclic AMP in brain slices and markedly potentiates receptor-mediated responses. Conversely, receptor agonists can augment forskolin responses (Seamon and Daly, 1981; Seamon et al., 1981; Daly et al., 1982) . The direct effects of forskolin are not markedly changed upon filtration, but the augmentation of a forskolin response produced by low concentration of 2-chloroadenosine is greatly reduced upon filtration. This again probably reflects attenuation of responses mediated via A*-adenosine receptors. A low dose of histamine markedly augments the forskolin-induced response in both unfiltered and filtered preparations, Receptor density. The densities (femtomoles per milligram of protein) of all of the receptors tested remain relatively constant upon filtration except for the density of the inhibitory A,-adenosine receptor, the "peripheral" benzodiazepine-binding sites, and the H,-histamine receptor. The binding of [3H]cyclohexyladenosine, a specific A,-adenosine receptor agonist (Bruns et al., 1980) is increased 2-fold upon filtration. This adenosine receptor subclass is responsible for inhibition by adenosine of adenylate cyclase in brain preparations (Cooper et al., 1980) . The A,-adenosine receptor appears localized to presynaptic terminals of excitatory neurons in the cerebellum (Goodman and Snyder, 1982; Goodman et al., 1983 ). It appears that the filtered preparation is concentrated in elements which contain A,-receptors, probably presynaptic entities.
The density of "peripheral" benzodiazepine-binding sites measured by [3H]Ro 54864 binding decreases by one-half upon filtration, suggesting that these sites may be localized on microvessels, glial, or neuronal elements not isolated in this system. Density of "peripheraI"-type benzodiazepine receptors increases markedly in rat striaturn after kainic acid lesions (Schoemaker et al., 1982) . This increase occurs during profound gliosis, suggesting glial localization. Density of "central" benzodiazepine-binding sites does not change upon filtration (Table IV) . Such sites are probably associated with neuronal elements in the central nervous system (Mohler and Okada, 1977; Gallagher et al., 1981) .
There is no change in density of binding sites for [3H]imipramine, a specific marker for serotonin uptake sites (Rehavi et al., 1983) upon filtration. These serotonin uptake sites are located both on glia (Haber et al., 1977) and on neurons (Rehavi et al., 1983) .
The density of opioid receptors measured with [3H]naloxone does not change with filtration (Table IV) . Localization of binding of [3H] naloxone to synaptic elements has been reported (Pert and Snyder, 1973) . Na+/K' ATPase measured by [3H]ouabain binding is unaltered upon filtration (Table IV) . Na+/K+ ATPase activity is equal in the brain parenchyma and brain capillaries (Spatz, 1982) . Denervation decreases its levels and hyperinnervation increases its levels in brain, suggestive of a high density in neuronal entities (Swann et al., 1982) .
Densities of binding sites for the Ca" channel marker [3H]nitrendipine (Marangos et al., 1982) are similar in filtered and unfiltered preparations (Table IV) .
[3H]Nitrendipine-binding sites in brain appear to be largely on neuronal entities (Murphy et al., 1982) rather than on glia or endothelial cells.
The density of the binding sites for [3H]batrachotoxinin-B benzoate on voltage-sensitive sodium channels is similar in unfiltered and filtered preparations (Table IV) .
[3H]Batrachotoxinin-B benzoate binding occurs in voltage-dependent sodium channels which are probably present at high densities only in neuronal elements and not in glial or endothelial cells (see Creveling et al., 1982) . However, the density of voltage-sensitive Na+ channels is not uniform in neuronal cells-being, for example, very high in nodes of Ranvier-and, thus, a loss of neuronal entities (axons) with higher densities of Na+ channels might offset the effect of loss of glial and endothelial elements with their low density of voltage-dependent Na+ channels. Enzyme and protein markers. Endothelial and glial cell enzyme markers were measured to estimate the levels of such entities in unfiltered and filtered preparations. Alkaline phosphatase, y-glutamyltranspeptidase, and pseudocholinesterase are in higher concentrations in brain capillary membranes than in the parenchyma (Mrsulja and Djuricic, 1980) . The ratio of the activities of these enzymes in capillaries to the activities in the parenchyma is 3.9 for alkaline phosphatase, 5.3 for y-glutamyltranspeptidase, and 8.0 for pseudocholinesterase.
Filtration results in a 1.7.fold decrease in y-glutamyltranspeptidase activity compared to the activity in the unfiltered tissue (Table V) . There is a 4.9.fold decrease in alkaline phosphatase activity, whereas there is no change in pseudocholinesterase activity. The decrease in two of these endothelial cell markers suggests that the amount of endothelial entities has been reduced upon filtration, but the lack of effect on pseudocholinesterase is inexplicable. Acetylcholinesterase activity, a marker for neuronal cells (Mrsulja and Djuricic, 1980) increases by about 40% upon filtration, which suggests that neuronal tissue is being concentrated by the filtration step.
Norepinephrine uptake sites are localized in brain, primarily on the presynaptic terminals of neurons. Norepinephrine uptake increases by 1.7-fold in the filtered preparation, indicating an enrichment in neuronal presynaptic entities upon filtration.
In the central nervous system the S-100 protein is found in higher concentration in the white matter than in the gray matter (Moore, 1972) . Most of the evidence, obtained by degeneration (Moore, 1973) as well as with immunohistofluorescence or electron microscopic procedures utilizing peroxidase-labeled antibody to S-l 00 protein (Matus and Mughal, 1975; Ludwin et al., 1976) indicates that S-100 protein in the central nervous system is located primarily in the glial cytoplasm. This protein is present in both astrocytes and oligodendrocytes. A radioimmunoassay of the soluble S-l 00 protein in the filtered and unfiltered preparations (Table V) reveals that approximately 20% of the soluble S-100 is lost on filtration, suggesting only a slight decrease in oligodendroglia or gliosomes derived from astrocytes in these preparations.
Comparison to crude synaptosome preparations. Certain characteristics of the particulate preparations were compared to a Ppsynaptosomal fraction (Table VII) . Cyclic AMP accumulations elicited by various agents are dramatically lower in the P2 fraction than in the particulate preparations. Synergistic responses are not observed in the P2 fraction. Thus, the P2 fraction is inappropriate for use in studying synergistic accumulations of cyclic AMP. The neuronal marker, acetylcholinesterase, is higher in the P, fraction, and the
